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ABSTRACT 


The  profiles  of  the  emiasio;^  lines  m  four  prominences  were 
ineaaared.  Special  attention  was  paid  to  the  photometric  procedure, 
the  accuracy  of  intensity  measurements  is  1-2%.  The  astigmatism 
of  the  srectrograph  and  the  asymmetry  of  the  instriunental  profile 
were  determined  The  graphical  method  Ig  1)  was  used  for 

obtairiing  more  precise  data  about  the  profiles.  Some  of  the  observed 
profiles  have  the  form  of  a  Gaussian  curve  in  the  core  of  the  line, 
but  deviate  appreciably  from  it  in  the  wings.  Some  other  profiles 
deviate  from  the  Gaussiau  curve  in  the  center  of  the  line,  because  of 
self-absorption.  For  most  of  the  profiles  the  halfwidths  were 
determined  with  an  accuracy  of  1-3%, 

The.  following  conclusions  were  made  from  the  derived  results: 
li  'he  cores  of  the  profiles  of  weak  hydrogen  and  metallic  lines  and 
also  He  i  ?869  are  broadened  mainly  by  the  Doppler  effect;  2>  formula 
a  for  the  self-absorption  of  radiation  in  a  homogeneous  layer  cannot 
be  applied  to  prominences;  3f  the  cores  of  the  profiles  of  Ha  and  Hp 
are  n.ot  Doppler  profiles  with  self-ab sorption;  4)  the  helium  Line  D3 
and  \4471  are  broadened  by  the  Doppler  effect  and  other  processes; 

5^  the  value  increases  but  slightly  with  the  number  of  the  Balmer 

line  for  the  high  members  of  the  series;  6)  the  strongly  developed 
extreme  wings  of  the  profiles  of  the  bright  lines  of  H  and  K  Ca  4-  and 
helium  cannot  be  explained  by  tiie  presence  of  a  hy]>othetical  very  hot 
gas  in  a  comparatively  cold  envelope;  7)  besides  the  Doppler  shift  of 
the  Ha  and  D3  lines,  non-Doppler  shifts  are  also  observed. 


1.  ON  THE  METHOD  OF  PROCESSING  THE  MATERIAL 


The  processing  of  apectrogrftius  of  prominences  obtained  un  the 
apectrohelioscope  *^1,1  indicates  the  existence  of  r'ou:^  deviations  of  tiie 
line  profiles  of  prominences  from  the  Doppler  type.  These  deviations, 
however,  are  so  small  tha*  they  are  not  revealed  with  certainty  be¬ 
cause  of  the  inadequate  resolving  power  and  moderate  dispersion  of 
the  spectrograph  on  the  spectrohelioacope. 

The  Baachen  Solai*  Telescope  of  the  Crimean  Astrophysical 
Observcitory  allows  examination  of  the  line  profiles  of  prominences 
in  greater  detail.  On  the  BST  diffraction  speorograph  Ho,  Hp  and  D3 
were  photographed  in  the  second  order  of  the  tipectrum  with  a  dis¬ 
persion  of  ~0.  75  A/ mm,  and  the  lines  in  rbe  part  of  the  spectrum 

were  photographed  in  the  third  order  with  a  di  spersion  of  '--0.5  A/ mm. 
The  dispersion  was  5  times  greater  for  the  first  three  lines,  £jid  15 
times  grearer  for  the  violet  than  the  dispersion  ox'  the  spectrograph  of 
the  helioscope  The  new  spectrograph  has  cor  side r ably  greater  re¬ 
solving  pow  er.  the  actual  resolving  power  was  increased  by  16,  000, 
to  '65,  000  and  250.  000,  respectively,  for  the  ted  «u>d  violet  parts  of 
the  spectrum. 

In  order  to  obtain  the  most  accurate  profiles  possible  for  reveal¬ 
ing  fine  details,  it  was  necessary  to  improve  the  method  of  processing 
the  spectrograms  and  to  increase  the  precision  of  measurements.  In 
particular,  we  abandoned  the  use  of  the  earlier  method  of  smoothing 
out  the  drawings  by  means  of  superimposed  penciled  drawings,  which 
introduced  elenents  of  individual  error  of  the  photometrist  into  the 
processing  The  following  measures  were  also  adopted. 

The  measurenaent  of  the  spectrograms  was  carried  out  on  the  MF-2 
microi^otometer.  As  inClH  r  after  the  measurement  of  a  spectrum  of 
a  prominence,  the  scattered  light  superimposed  on  the  spectrum,  - 
i.  e. .  the  halo-  was  measured  for  the  same  readings  of  wave  length. 

The  subtraction  of  the  spectrum  of  the  halo  was  carried  out  numerically 
for  each  wave  length,  after  conversion  of  the  measured  density  into 
inten.sity.  Measurement  on  the  MF-2  has  advantages  over  measurement 
on  the  Moll  microphotometer  or  MF -4,  since,  firstly,  the  value  of  the 
measured  density  can  be  obtained  with  greater  precision  than  on  a 
drawing  (errors  equal  to  0.  1%  for  a  reading  of  >000  on  a  noo-exposed 
section  of  the  plate),  and  secondly,  the  laying-out  of  smoothed  profiles 
on  the  record  can  introduce  inaccuracies  due  to  the  presence  of  slight 
blends  near  a  line,  indistinguishable  from  grain  fluctuations.  Even 
where  large  "blends"  occur,  the  "smoothed"  profiles  are  sometimes 
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arbitrarily  constructed  over  absorption  lines  not  associated  irith  that 
measured.  Although  in  algebraic  subtraction  of  intensity  of  one  spectrum 
from  another  the  results  contain  double  the  average  error  because  of 
the  grain  of  the  photo-emulsion,  this  error  has  only  a  random  character, 
allowing  the  use  of  the  methods  of  the  probability  theory.  In  our  opinion, 
the  me^od  of  algebraic  aubtraction  has  advantages  for  determination  of 
the  wings  of  profiles. 

A  large-scale  image  of  knots  of  prominences  on  spectrograms 
permitted  the  use  of  a  slit  of  I  X  0.  02  mm  on  the  spectrogram,  which 
was  appreciably  greater  than  the  siae  of  the  grain.  As  a  result,  fluctu- 
actions  of  density  due  to  granularity  of  the  photo-emulsion  on  the  back¬ 
ground  or  on  uniformly  exposed  portions  of  the  plate  were  less  than  1%. 

In  the  process  of  measuring,  we  controlled  not  only  the  null  reading 
but  also  the  sensitivity  of  the  photo-element.  For  this  purpose,  after 
every  10  measurements  the  reading  of  the  photo-element  was  checked 
at  some  fixed  point  on  the  plate,  for  example,  on  an  absorption  line 
chosen  as  a  check-point.  Thanks  to  this,  the  repetition  of  readings 
was  within  the  limits  of  a  fraction  of  a  percent. 

In  order  to  obtain  characteristic  curves  of  plates  for  given  wave 
lengths  the  following  method  was  used.  The  solar  spectrum  was  photo¬ 
graphed  through  a  line- stepped  wedge,  placed  in  front  of  the  spectro¬ 
graph  slit.  Measurements  were  made  at  several  points  of  the  con¬ 
tinuous  spectrum  taken  with  some  over-oq^sures  and  also  within 
several  lines.  After  this,  points  were  marked  on  the  drawing  (Igl. 

A/^),  and,  by  means  of  displacement  of  the  points  of  each  series  of 
measurements  along  axis  Ig  I,  all  of  tiiem  were  arranged  in  one  curve, 
defined,  now.  by  no  less  than  fifty  points  (A  is  the  readily  of  density 
according  to  the  uniform  scale  of  tiie  microphotometer.  (  is  ths  reading 
oa  a  non-exposed  portion  of  the  plate).  A  curve  is  drawn  through  the 
pointK,  from  which  the  value  of  ig  I  is  taken  at  equal  intervals  A/^. 
Subsequently  the  table  of  value  I  is  smoothed  by  means  of  the  equalisa¬ 
tion  of  the  path  of  the  second  difference.  The  table  obtained  by  this 
means  represents  a  smooth  function  sdiich  is  sspecially  important 
for  establishing  photometric  differences  of  two  close  values  of  intensity, 
as,  for  example,  in  the  wings  of  a  line  lntert>olation  in  the  table  is 
employed  for  intermediate  values  of  1. 

We  now  consider  the  causes  of  soms  photometric  errors.  Usually 
the  larger  errors  are  connected  with  granularity  of  the  photo-emulsion, 
inaccurately  determined  characteristic  curves,  and  shortcomings  in 
construction  of  smoothed  profiles.  It  is  evident  from  the  above  that 
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these  errors  can  be  sharply  reduced.  There  remain  errors  eoanoctod 
with  some  nonuniformities  of  the  photo-emulsiont  irregularities  in 
sensitivity,  and  possibly,  even  changes  in  characteristic  curves  of 
plates.  Similar  phenomena  are  observed  very  markedly  on  old  photo* 
graphic  plates.  Hence  the  determination  of  absolute  values  of  intensity 
often  contains  errors  of  5  and  even  10%,  especially  when  based  on 
measurements  of  portions  of  a  plate  that  are  lar  distant  from  each  o&er. 

In  our  case,  v^e  carried  out  measurements  of  line  profiles  that 
covered  small  interv'als  or.  the  plate,  •  on  Uxe  order  of  I  •  3  mm. 

Moreover,  in  the  case  of  prominences  the  resulting  profile  Is  the  differ¬ 
ence  between  two  profiles  measured  on  adjacent  portions  of  the  plate  differ¬ 
ing  little  from  one  another  in  density,  especially  in  the  wings  of  the 
profile,  i.  e. ,  differential  effects  are  being  measured.  Hence,  the 
average  error  of  one  measurement  is  I  -  3%  and  lower.  We  must 
emphasize  that  this  error  pertains  to  the  measurement  of  total  intensi¬ 
ty  af  the  prominence  and  scattered  light.  For  those  lines  of  the  pro¬ 
minence,  the  Intensity  of  which  is  less  than  the  intensity  of  the  scattered 
light,  the  relative  error  of  the  measurements  of  the  same  profiles 
actually  will  be  greater.  In  addition,  since  profiles  are  obtained  by  sun- 
traction  of  one  spectrum  from  another,  the  average  error  is  doubled. 
Nevertheless,  I  succeeded  in  determining  the  wings  of  some  profiles 
to  0.01  of  the  intensity  of  the  maximum  or  less,  and  also  suecseded 
in  measuring  profiles  of  such  faint  lines  in  the  emission  spectrum  of 
a  prominence  as  H9,  HeX4471,  Ti'*'  X3685  and  others.  As  an 
example,  in  Fig.  1  are  presented  results  of  measurements  of  profiles 
of  one  of  the  portions  of  the  prominence  photographed  on  July  13,  1955. 

In  some  cases,  for  measured  profiles  jdiotographed  on  old  llford- 
Zenit'i  plates,  one  wing  is  found  to  be  raised  and  the  other  depressed  by 
t  •  2%,  as  i s  apparent  in  Fig .  1 .  Apparently  this  is  connected  with  the 
change  in  sansitivii"/  of  the  emulaon  along  the  direction  of  dispersion, 
and  we  will  not  make  substaatiat  errors  if  we  calculate  tiiis  change 
using  a  linear  approximation,  since  it  is  difficult  to  imagine  sharp  jumps 
in  eenairivity  along  the  plate. 

In  my  own  work  in  the  determination  of  lines  of  the  5th  series  of 
He  U  in  the  spectrum  of  a  star  of  the  Wilson  type  Oe5  C3>4l ,  1  obtained 
an  accuracy  of  0.3%  in  processing  photographs  of  the  spectrum,  and  1 
measured  lines  with  intensities  of  less  than  1%  of  the  intensity  of  the 
contiouous  spectrum.  Such  accuracy  was  achieved  by  means  of  a  combi¬ 
nation  of  un-smoothed  measurements  of  several  negatives,  carried  out 
on  a  non-recording  microphotometer.  As  a  result  of  the  averaging  of 
many  unsmoothed  measurements,  random  fluctuations  caused  by  the 
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grain  of  th4>  emulsion  were  ditniniel^ed,  and  £aint  absorption  tines  became 
apparent  which  fade  out  and  axe  masked  by  errors  due  to  granularity  of 
the  emulsion  on  individual  spectrograms.  A  similar  phenomenon  took 
place  in  measurements  of  spectra  of  prominences.  The  long  slit  of  the 
microphotometer,  thanks  to  its  large  area  by  comparison  with  the  siae 
of  the  grain  of  the  emulsion,  averaged  random  fluctuations  in  density 
caused  by  granularity,  and  registered  true  changes  in  brightness  in  the 
spectra.  The  difference  from  Wilson's  treatment  is  that  he  averaged 
intensities  and  we  averaged  densities. 

In  a  spectrogram  the  spectrum  of  a  prominence  is  superimposed  on 
the  spectrum  of  scattered  light  from  the  atmosphere  and  from  the  in* 
strument.  The  major  component  of  scattered  light  is  usually  connected 
with  the  instrument.  In  the  BST  the  scattered  light,  apparently.  Is 
mainly  caused  by  the  dust  on  the  mirror,  its  intensity  being  about  1% 
of  the  intensity  of  the  solar  disk.  If  a  telluric  line  falls  on  the  emission 
spectrum  of  a  prominence,  then,  after  subtractioa  of  the  halo  spectrum, 
the  impression  of  absorption  lines  of  the  ear&'s  atmosphere  remains 
on  the  line  profile  of  the  prominence.  This  phenomenon  was  observed, 
for  example,  in  photometry  of  line  Ho  in  a  prominence,  photographed 
at  a  low  elevation  in  the  evening  of  July  24,  1955,  The  line  of  the  earth's 
atmosphere  X6563. 53  was  found  superimposed  on  a  very  broad  emission 
line  of  this  prominence  .  On  the  spectrogram  it  is  clearly  visible  that 
the  impression  of  a  narrow  line,  characterlstie  of  the  atmosphere,  was 
left.  This  conclusion  was  confirmed  also  by  the  accurate  determination 
of  the  wave  length  of  the  absorption  line.  No  evidence  of  tihe  line  Co 
\ 6563. 42  (see  £53  )  was  observed  simultaneously.  However,  such  broad 
lines  are  rarely  observed  in  prominences.  Among  other  emission 
lines  of  prominences  subject  to  the  influence  of  telluric  lines,  one  should 
mention  D3.  This  influence  is  usually  slight,  since  all  four  atmospheric 
absorption  lines  that  fall  on  D3  are  weak. 

In  die  determination  of  wave  lengths  of  emission  lines  of  prominences 
by  measurement  of  a  spectrogram,  the  positiims  of  the  middle  of  several 
separate  we  11 -pronounced  absorption  lines  in  the  sky  spectrum  were 
marked  off  to  the  left  and  to  the  right  of  die  measured  line.  Since  the  halo 
is  made  up  of  scattered  li|^t  from  all  of  the  solar  disk,  the  absorption 
lines  in  its  spectrum  are  broadened  as  compared  widi  corresponding 
absorpticw  lines  in  the  spectrum  of  the  center  of  the  solar  disk,  but  the 
wave  lengths  of  these  lines  coincide  with  an  accuracy  of  ^  0. 01  A.  Then, 
by  means  of  the  method  of  least  squares,  the  equation  of  dispersion  for 
the  measured  portion  of  the  spectrum  was  found.  Such  a  method  provides 
determination  of  the  equation  of  dispersion  with  an  accuracy  up  to  several 
thousandths  of  aoAngstromand  permits  the  determination  of  the  wave 
lengths  of  prominences  with  an  accuracy  to  0.  01  A. 
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2  ANALYSIS  OF  THE  INSTRUMENT* 


Partial  analysis  rtf  the  BST  spectrograph  was  carried  out  with  a 
grating  blazed  for  ihe  second  order  of  the  apectrum.  As  in  the 
helioscope  rn  astigmatism  was  discovered,  which  was  dependent 
upon  the  angle  of  the  gratmg.  The  results  of  the  measurements 
are  given  in  Table  1. 


TABLE  I 


i 

0° 

10’ 

15' 

20' 

25* 

fu 

96 

98 

100 

102.5 

104.  5 

/c 

96 

98 

95.  5 

93.5 

91.5 

Af 

i  0 

0 

4.5 

9.0 

13 

In  this  table  i  is  the  aj^gle  between  the  normal  of  the  grating  and 
the  direction  of  the  entering  lighs.^M  position  of  the  mirror 

cell  for  meridional  focus,  fc  for  sagittal  focus  and^is  the  astigmatic 
difference  in  millimeters.  Within  the  limits  of  accuracy  of  the  measure* 
ments  suid  are  symmetrically  arranged  relative  to  the  central 
position  of  the  mirror  cell.  Calculation  according  to  formula  (3), 
cited  in  CQ  ’ 

R  2l2\o  2»  10*.  5- 10-5 

Rmin  *t2MW  "2.  25.  104.  1  ' 

ahorws  that  the  surface  of  the  grating  is  only  insignificantly  inferior  in 
quality  to  a  first-class  mirror. 

W  3  also  determined  the  instrumental  profile  of  the  spectrograph  for 
a  working  width  of  the  slit  equal  to  twice  normal  size.  A  krypton  tube 
served  as  a  light  source.  The  green  triplet  \  3570  was  investigated.  The 
central  portion  of  the  profile  in  the  first  order  of  the  spectrum  satisfactorily 
represented  a  Gaussian  curve  with  a  half-width  ^^instr^ 
must  take  into  consideraitioa  that  the  half-width  of  the  instrumental  profile 
is  so  small  that  in  itk  determination  the  width  of  the  lines  of  the  light 
source  used  will  affect  the  results.  Thus,  for  u  spectrograph  with  great 
resolving  power  there  occurs  the  difficulty  of  determining  Ax 
since  it  is  impossible  to  measure  extremely  narrow  lines  if  any 
light  source  is  used.  It  is  possible,  however,  to  propose  the  following 
method  of  avoiding  this  difficulty.  Since  the  ir  strumentsl  and  observed 
profiles,  as  well  as  profiles  of  source  lines,  have  the  form  of  a  Gaussian 
curve,  then 


*  Ana  lysis  the  instrument  was  carried  out  Jointly  with  T .  V .  Kaaachevskaya. 
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\  \  /  obs  \  \  I  aouree  I  x  I  iaatr 

On  the  other  hand,  aa  the  meaaurements  show  (in  agreement  with 

theory^  the  hatf«wiJ£h  of  the  inatrumental  profile  in  the  spectrum 

,  .  »v.  ^  .  .  .  1  .  instr  ^ 

of  the  n<"  order  is  proportional  to  n  so  that 


Thus 


n  =  A  =  const. 


'VX”]  obs  **  ^  f»Mction  of  ^  .  By  measuring  the  line  profiles 

in  various  orders  of  the  spectrum  we  can,  with  the  aid  of  this  formula, 
determine  both  instr  source*  example,  the  measurement  of 

the  iron>arc  spectrum  gave  results  agreeing  with  the  results  of  measurements 
of  Ax. instr  using  a  krypton  tube. 


Since  the  half  •width  of  prominence  lines  is  >  0.  15  A,  and  the  spectra  of 
these  were  photographed  in  die  2ad  and  3rd  orders,  the  instnunental  profile 
does  not  influence  the  determination  of  half -widths  of  lines. 

As  in  the  helioscope  [l]  ,  the  instrumental  profile  has  some  asymmetry 
which  is  especially  strongly  revealed  in  the  wings.  At  a  great  distance  from 
the  center  of  the  instrumental  profile,  in  the  1st  order  of  die  spectrum,  tho 
red  wing  is  roughly  twice  as  intense  as  the  blue.  Staring  with  a  value  of 
intensity  of  1  ~  2%  of  maximum  intensity,  I  in  the  wings  of  the  profile, 

where  A\  is  the  distance  from  die  center  of  the  profile  measured  at  its  peak. 
For  the  red  wing  a  =  3.  56  and  for  the  blue  a  =  3. 88. 


3.  DESCRIPTION  OF  THE  OBSERVED  MATERIAL 

The  photography  of  spectra  was  carried  oul:  chiefly  in  the  morning  to 
obtain  good  images,  permitting  us  to  see  the  photospheric  granulation  dis¬ 
tinctly.  The  ultraviolet  portion  of  the  spectrum  was  photographed  on  old 
Ilford- Zenith  plates,  and  Ha  and  D3  were  photographed  on  Agfa  red- rapid 
plates.  Exposures  for  each  line  of  the  prominence  were  held  within  die 
limits  of  from  10  sec.  to  1  min. 


Profiles  of  lines  in  the  spectrum  of  the  prominence  photographed  on 
July  13,  1955  were  investigated  in  greatest  dstail.  The  rest  of  the  prom¬ 
inences,  descriptions  of  which  ars  given  below,  were  investigated  in  less 
detail. 


On  March  23,  1955  spectra  of  four  low  small  prominences  were 
photographed,  simultaneously  falling  on  the  slit  of  the  spectrograph, 
and  tangential  to  the  image  of  the  sun.  This  was  done  on  2  sections. 

On  the  section  situac.^d  near  the  sun,  regions  were  photographed  that 
were  traasitional  between  the  prominences  autd  the  chromosphere, 
but  precise  fixation  of  their  positions  simultaneously  for  all  photo¬ 
graphed  lines  of  the  spectrum  was  very  difficult. 

The  prominence  of  May  13,  1955  consisted  of  2  parts.  Part  2 
was  lurther  from  the  sun  and  had  the  form  of  a  suspended  cloud. 
Siix.altaneously,  at  the  base  of  the  prominence  a  faintly  luminous 
knot  was  o1  served  moving  with  great  velocity. 

One  can  distinguish  3  parts  on  the  spectrum  of  the  prominence  of 
July  13,  1955.  Part  t  is  situated  near  the  sun  and  has  greater  line  width. 
Parts  2  and  3  are  similar  but  have  smaller  Doppler  shift  than  part  1. 

The  spectra  of  the  prominence  are  very  brigiit  and  are  rich  in  metallic 
lines. 

On  July  22,  1955  a  developing  coronal  prominoice  was  photographed. 
The  process  of  photography  of  the  spectral  lines  in  die  sequence  H^, 

D3,  Hp,  Ky,  H,  K  and  occupied  more  than  am  hour.  At  die  end 
of  the  survey  the  promin^ce  disappeared. 

4.  RESULTS  OF  MEASUREMENTS  OF  PROFILES 

The  profiles  of  emission  lines  of  prominencss  are,  on  the  whole, 
Doppler,  although  some  deviations  are  observed.  We  designate  as 
Doppler  those  profiles  which, 

I  *  lo® 

and,  (Secondly,  the  halfwidths 


A..^  =  _Li65A^._D 

\  K 

whe  re  Xq  is  the  Doppler  halfwidth,  Tir<«  is  the  kinetic  temperature 
of  atoms,  vt-.  is  the  turbulent  velocity,  y  is  the  molecular  weight,  sad 
c  and  R  are  known  censtants. 

Some  observed  profiles  have  the  form  of  a  gaussiaa  curve  in  die 
core  of  the  line,  but  deviate  from  it  in  the  wings.  Other  profiles  deviate 


firstly,  have  the  form  of  a  gaussiaa  curve 


(1) 


of  which  sat  isfy  the  following  formula: 


t.  665  1/  ZRTkta'  ^  ^2 


(2) 
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frora  a  Gaussian  curve  in  the  core  oi  the  line.  The  present  work  le 
devoted  1.0  tlxe  establishment  of  the  character  of  these  deviations.  The 
elucidation  of  the  question  of  the  gausaian  or  non-gaussian  character  of 
tlie  profiles  has  been  ;;jii'ied  out  by  graphical  methods.  For  each 
measured  profile  a  d.'.agram  waa  cor. si. 'acted,  along  one  axis 

of  which  waa  laid  out  the  logari^'hrr.ic  value  of  tlie  mc8su.f  sd  intensities, 
cind  along  the  other  axis  -  the  sf<uare  of  the  distance  from  the  center  of 
the  profile^^K^.  Obvioiisly,  synvmetrical  profiles  with  a  gaussian  form 
are  represented  on  diagrams  Ig  I)  by  straight  lines.  Hence,  tlie 

use  of  such  diagrams  proves  to  be  couvenient  for  portraying  asymmetxTr 
iiad  deviations  from  a  Gaussian  foi'm  in  the  profiles.  In  the  majority 
of  cases  investigated  b  us,  line  profiles  of  prominences  proved  to  be 
synr.mslrical  up  to  several  peircent  of  intensity  Imax-  ^  some  cases, 
for  prominences  with  appreciable  velocities,  asymmetry  was  discovered. 
Sometimes  central  portions,  of  strong  lines  also  proved  to  be  asymmetrical. 

The  center  of  ths  profile  was  found  in  the  following  manner.  As  a 
first  appror.imar.ion,  an  arithmetic  mean  of  the  center  of  the  profile  was 
taken  from  rhe  center  of  the  span  connecting  the  left  and  right  wings  of 
the  profile  on  the  drawing  (i\,  I),  for  several  values  of  intdttsity.  Then 
this  value  was  more  precisely  defined  with  the  aid  of  the  Ig  I) 

curve  As  an  example,  the  typical  curve  pertaining  to  the  measurements 
of  Hyon  the  prominence  of  July  13,  1955,  given  in  Fig.  2,  can  be  used 
in  showing  what  degree  of  accuracy  we  can  expect  for  determination  of 
the  center  of  the  profile,  and  consequently  for  determination  of  wave 
length'^  of  spectral  lines  in  prominences.  The  lower  drawing  is  dis> 
placet  relative  to  the  upper  one  by  a  value  Ig  I  1.  0  along  the  ordinate 
axis.  On  the  diagrams,  the  coordinate  A\  is  measured  not  from  the 
center  of  the  profile,  but  from  a  point  displaced  0.  01  mm  (0.005  A)  from 
the  center.  For  the  upper  drawing  this  displacement  is  toward  the  blue 
portion  of  the  spectrum  and  for  the  lower  it  is  toward  the  red  portion. 

On  the  upper  drawing  the  points  of  the  rectilinear  part  of  the  profile 
arc  situated,  for  the  most  part,  approximately  directly  above,  but  on 
the  lower  drawing  they  are  situated  below.  X's  are  arramged  in  reverse 
order.  These  drawings  sh ow  clearly  that ^  K  are  not  measured  from 
the  axis  of  symmetry.  Such  drawings  served  as  sensitive  criteria  for 
the  correctness  of  choice  of  center  of  the  profile.  The  position  of  the 
center  of  the  profile  on  the  spectrogram  was  taken  from  the  position  of 
the  ce.af  er  of  the  prominence  line,  which,  -  with  the  aid  of  the  equation 
of  dispersion,  the  determination  of  which  is  discussed  above,  -  gave 
the  wave  length  of  the  prominence  line  relative  to  the  lines  of  the  solar 
spec  trum,  As  follows  from  the  foregoing,  the  error  in  determination 
of  these  wave  lengths  is  0.  01  A  for  bright  lines,  but  is  somewhat  larger 
for  weak  lines,  due  to  the  increase  In  errors  in  determination  of  the 
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center  of  the  profile.  The  reaufta  of  measur emente  of  wave  lengths 
of  prominence  lines  are  giver,  in  Table  3  (Column  4(. 

In  Fig.  3  are  given  eicamples  of  diagrami*  (dx^t  Ig  I)»  constructed 
■for  a  series  of  lines  of  (he  promiiience  of  July  13,  1955  {Z).  We  will 
examine  these  drawings  s  arting  with  the  simple  case  of  line  H5  .  Here, 
the  circles  outline  points  taken  from  drawing  (AX,  1-  after  an  average 
curve  in  the  wings  of  the  profile  has  been  drawn  on  it.  These  points 
give  an  idea  of  the  behaviour  of  the  far  wings  of  the  profile.  With  the 
e.xception  of  the  extreme  portions  of  the  profile  w’here  intensity  is  less 
than  10%,  the  points  of  this  graph  are  grouped  around  a  straight  line. 

In  the  wings,  the  points  deviate  from  this  straight  line,  indicating  de¬ 
viation  of  line  profiles  of  prominences  from  a  gaussian  curve. 

We  turn  now  to  the  upper,  gaussian  portion  of  the  profile.  !f  we 
draw  a  straight  line  through  the  points  on  the  drawing,  from  its  in¬ 
clination  we  can  determine  the  ha’iwidth  approximating  a  gaussian 
prsfileiA  X-T  with  great  accuracy.  It  is  important  to  note  that,  firstly, 
the  ha.fwidtha,  in  such  a  determination,  have  all  measured  points  in 
common,  and,  secondly  observed  values  of  intensity  are  used,  i.e. , 
the  influence  of  personal  error  of  the  photometrist,  introduced  by  the 
drawing  of  smoothed  profiles,  is  eliminated.  Computing  the  half- 
vidths  analytically,  we  can  also  determine  the  average  quadratic  error 
of  the  results  (see  page  19 > 


Alt  of  the  profiles  of  faint  hydrogen  and  metallic  lines  of  promi- 
oecces  investigated  by  us  have  gaussian  cores.  However,  for  lines 
H,,,  H|3,  and  sometimes  Hy*  deviation  from  a  straight  line,  charac¬ 
teristic  of  self-absorption  effects,  is  revealed  in  the  central  portions 
of  the  profiles  on  drawings  (AX^,  Ig  T.  The  same  thing  can  be  said 
about  lines  H  and  K  Ca'*’. 


Thus,  profiles  of  prominence  lines  on  drawings  (AX^.  Ig  I)  can 
be  separated  into  3  parts;  1)  the  central  portion,  where  there  can 
be  said  to  be  self -absorption,  Z),  the  straight-line  portion,  stretching 
to  Z  -  10%  from  Itnax'^  which  deviation  from  a 

gaussian  core  is  obse  rved. 


Usually  we  determine  the  effects  of  self- absorption  by  approximating 
tl<e  profile  by  formula 


h 


\  - 
I  - 


(3) 


where  the  absorption  coefficient  k  \  for  the  promin^ 
dependent  on  Doppler  e£Eect,  i.  e.,  kx.  =  k^^e  "  /=lJL., 

f  AV  £ 


Lice  is  assumed  to  be 
Curve  \  ,  de- 
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termioed  by  fortnula  (3),  has.  on  graph  {A  Ig  1),  ao  asymptote 
corresponding  to  a  profile  with  ao  self-absorption.  The  incUnation 
of  the  asymptote  is  determined  by  value  =  1.  6654  *nd  the 
distance  A  Ig  1  along  the  ordinate  axis  between  the  asymptote  and 
curve  Ig  Ix,  as  folio  *  s  from  (3),  is  equal  to  A  Ig  1  ^  Ig  |...  — 

Thus,  from  a  practi,  al  point  of  view,  the  use  of  diagrams  I) 

allows  ua  to  estimate  conveniently  and  quickly  the  effect  of  self- 
absorption  on  a  line,  and  this  operation  is  based  on  oaty  one  investigated 
profile,  without  the  drawing -up  of  additional  date  forAXD> 


In  the  suggested  method,  we  use,  on  the  whole,  the  rectilinear 
portion  of  the  profile,  xn  which  self-absorption  is  assumed  to  be 
absent,  and  we  do  not  take  into  consideration  the  central  portion  of 
the  profile,  deviating  from  an  approximate  straight  line.  Formula  (3) 
must  define  this  portion  of  the  profile.  Usually,  (see  C^,T]  and  others), 
given  different  values  ofAXD  and  N,  we  select  a  curve,  according  to 
formula  (3),  that  best  represents  fte  observed  points.  Self-absorption 
was  determined  in  this  way  also,  and  the  results  of  determination  of 
A  \  jQ  and  N  were  compared  with  corresponding  data  determined  by  the 
first  method.  The  choice  of  profiles  in  the  second  method  was  de¬ 
termined  graphically  by  the  following  method.  Equation  (3)  solved 
for  4  X.^  has  the  form; 


4x2  .^Xjj  In 


•  /dx^  Nko) 


(4i 


A  curve  (AX^,  ^ )  was  drawn  up  according  to  the  obaerved  values  of 
4  X  and  1^  for  the  central  portion  of  the  profile.  The  points  were  arranged 
along  a  straight  line  that  also  passed  through  the  principle  coordinate 
only  at  determined  value  Ig  NkQ,  determined,  as  is  ohowa  by  the  calculations,  with 
an  accuracy  up  to  ±  0.  3.  Thus,  it  is  necessary  to  keep  in  mind  that  in 
the  case  of  slight  self-absorption  effects  (Nko^l)  there  is  little  accuracy 
in  the  determination  of  N  by  this  method.  The  inclination  in  drawing 
(4  gives  a  value4  \q  -  The  results  of  the  determination  ofd  Xd 

and  N  by  both  methods  for  the  prominences  of  May  13,  1955  and  July  13, 

1955  ere  given  in  table  Z. 


U 


taj^lje:  z 


Prom- 

aence 

Knot 

JL'.ne 

l«t  Method  j 

2nd  Method  | 

10^ 

X 

Nko 

• 

AXj^,  A 

-r-  10^ 

\ 

Nko 

^2  10^2 

13  ivlay 

z 

Ha 

0  40 

6  1 

1  1 

t.,35  ; 

0,41 

b  . 

3  9 

8  3 

H|3 

0  27 

5.  6 

0  32 

5  0 

0.  35 

7  i 

0  96 

15 

Hi 

0  21 

4  7 

0  42 

20 

0  25 

5. 7 

1 

47 

H 

0  19 

4 

1  ?5 

. 

0.  20 

5  c 

1  6! 

K 

0  20 

5  2 

1  38 

i 

0  20 

5  1 

1 

13  Ju  y 

i 

Ha 

0  46 

7  0 

Z  3 

‘  9 

0  35 

5  3 

6,  6 

J4 

HP 

0  29 

6  2 

0  6 

‘  3 

0,  21 

4.  ^ 

4  0 

62 

H< 

0  20 

4  7 

0  3 

U: 

0  20 

4  6 

0  9 

42 

H 

0  26 

6,7 

0,27 

0  195 

5-  0 

3  0 

K 

0  30 

7  6 

0  74 

0,  21 

5.  3 

3.  5 

... 

Ha 

0  3t 

5  6 

3  2 

6  8 

0  31! 

4  6 

10 

21 

HP 

0  25 

5  2 

0  75 

IZ 

0  16 

3.T 

4  0 

62 

Hlf 

0  17 

4  0 

0  2 

9  3 

0  15 

3.5 

1.65 

77 

H 

0  17 

4,2 

0  22 

0  12s 

i  i 

15 

« 

K 

0  16 

4 . 

0.  62 

■■ 

0  12! 

3 . 2. 

2  5 

- 

5 

Ho 

0  35 

5.  3 

3,  I 

6-  6 

0  31! 

4  6 

5  9 

13 

HP 

0  22 

4.6 

1.  3 

20 

0  165 

3.4 

4  0 

62 

Hi 

0  19 

4.  3 

0,  15 

*0 

0  16 

3.6 

1  25 

57 

H 

0  14 

3  6 

0,  36 

>» 

0  245 

6  ?. 

2  7 

- 

K 

0  15 

3  8 

0,78 

0  25 

6,4 

3  4 

- 

F rom  examiunatlon  of  th«  data  in  this  table  one  can  draw  the  fo  lowing  con* 
cluflione. 

i  Neither  the  first  nor  the  aecond  method  of  calculation  of  se^'^aheorption 
gives  identical  valuee  of  and  N^  for  all  three  hydrogen  linet  eimultaneouelv 

K 

Z,  The  data  obtained  by  the  first  method  differ  from  data  obtained  by  the 
second  method  For  example,  values  N2  differ  by  3  to  h  times. 

These  conclusions  point  to  the  iKcorrectnes  .  of  the  initial  premises.  I  e, . 
either  formula  (3j  is  incorrect  for  prominence*,  or  coefficients  of  absorption 

caiuuit  be  considered  as  Doppler 

Viiti  will  consider  both  assumptions 
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)  C^,iri‘ect  aseuntption  concerning  the  Doppler  coefficient,  but 
incorrect  formula  (3).  This  tneane  that  in  a  non-imiform  layer  of 
a  p~urninence  the  /alue  p)^  =  changes  along  the  line  of  sight. 

S'.nce  adi-absorptior  (if  it  exists)  is  alight,  then  in  the  winge  it  equals 
Merc.  If  the  coefficient  of  absorption  were  Doppler,  then,  ia  the 
results  the  first  method  of  calculation  of  seLf-absorction,  ufung  the 
straight- line  portion  of  the  profile,  would  have  to  give  consistent 
agi'eement  for  all  lines.  Since  this  is  not  so,  the  first  assumption 
fails . 


2.  Vi/ e  aKaatne  that  formula  (3)  is,  nevertheless,  correct,  but 
that  the  coetiioient  of  absorption  is  not  Doppler.  For  such  tow 
densities  of  material  as  are  observed  in  prominences,  the  influence 
of  natural  damping  or  damping  due  to  emission  can  count  as  a  factor 
only  m  the  far  wings  of  the  profile,  where  intensity  is  0.  1%  or  a 
itmallur  traction  of  the  intensity  in  the  center  of  the  line.  It  follows, 
from  the  calculations  of  both  Verweij  and  de  Jager  ^9^,  that 
ccrnbinccl  calculation  of  Doppler  and  Stark  broadening  of  a  line  leads 
to  nou-Dappler  wings  and  core  of  the  profile.  In  this  case,  eon* 
uidcration  of  the  influence  of  fialf-aoeorption  requires  additional 
study.  We  must  obse rve,  however,  that  it  is  possible  to  consider 
the  influence  of  Stark  line-broadening  only  on  the  assumption  that 
the  density  of  electrona  is  u^'^lO^^,  which  contradicts  the  present 
idea  of  na  io  prominences.  Thus,  the  examination  of  the  behavior 
of  profiles  in  central  portions  of  Ha,  Hp,  and  Hyplaces  in  doubt  both 
the  assumption  of  the  Doppler  character  of  these  lines  and  the  assump¬ 
tion  of  uniformity  of  a  prominence  along  the  line  of  sight. 


As  to  H  and  K  Ca*^,  both  methods  for  investigated  prominences 
reveal  very  slight  self-absorption  in  these  lines.  Meanwhile,  the 
values  obtained  from  H  and  K  Ca'*'  in  the  prominence  of  July 

13,  1955  are  1.5-2  times  greater  than  the  value  A  .^P—  calculated 
for  lines  of  Ti*^,  in  which  there  is  no  self-absorption.  .Since  the  mole¬ 


cular  weights  f-'  of  both  elements  are  equal,  values 


AXD 


for  both 


elements  must  agree,  but  since  this  is  not  observed,  then  it  is  neces¬ 
sary  to  conclude  that  formula  (3)  does  not  explain  the  behavior  of  the 
line  profiles  of  H  and  K  Ca^. 


In  general,  the  influence  of  self -absorption  is  not  noticeable  in  the 
drawings  (4  ^^tlg  I)  of  the  profiles  of  Hp,  H  end  K  for  the  May  13  (1) 
prominence;  in  these  drawings  the  s^rai|^t-line  portions  continue  to 
the  peak.  But  the  greater  vab  for  these  lines  in  comparison 

with  other  lines  points  to  unus  .  broadening  in  them.  On  the  basis 
of  observations  of  particular  profiles  of  Hq  in  prominences,  charac¬ 
terized  by  flat  or  depressed  peaks,  Ellison  [ly  reached  the  conclusion 
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that  iherc  isnoB-uniformity  in  the  physical  conditions  of  various 
layers  of  a  prominence.  The  calculations  performed  above  show 
that  in  prominences  with  usual  line  profiles,  the  physical  conditions 
apparently  change  aiong  the  line  of  sight. 

A.B.  Severny  Qf]  has  shown  that  the  greater  the  rat.^o  of  the 
observed  halfwidth  A ^obs  of  the  profile  to  the  Doppler  4dx.£),  the 
greater  must  be  the  effect  of  self-absorption.  If  we  use  3 
calculated  for  Ti'*'  lines,  then,  in  the  prominence  of  July  13,  1953 
the  ratio  for  H  and  K  of  Ca+  wilt  be  ~  1.  8  2.  8,  and  for 

with  the  use  ofd^  calculated  for  the  higher  members  of  the 
Balmer  series,  ~  ^  ^  Thus  self-absorption  in  H  and 

K  of  Ca'*'  must  be  stronger  than  in  H^,  but  in  Table  2  this  is  not 
evident.  In  addition,  the  use  of  A. B.  Severny's  method,  based  on 
the  use  of  ratio  *'  *  >^®***^**  ^  value  NkQ  ^  10^  for  all  of 

these  lines,  i.  e.  ,  considerably  larger  values  than  those  given  in 
Table  2.  It  is  true  that  the  method  of  A.  B.  Severny  is  based  also 
on  the  use  of  formula  (3;  describing  self-absorption  in  uniform 
layers,  but  this  formula,  as  follows  from  the  foregoing,  is  not 
suitable  for  prominences. 

We  turn  now  to  the  consideratio.m  of  the  helium  lines.  As  we 
know,  some  helium  lines  are  triplets.  For  example,  D,  consists 
of  3  components:  \5675.60l,  X. 5875.  643  and  K 5875.  965,  oaving 
relative  intensities  of  10,  6  and  2  respectively.  Since  the  halfwidth 
of  D3  in  prominences  dX  -  0.4  A,  the  first  two  components,  con¬ 
stituting  the  core  of  the  line,  must  be  considered  as  practically 
coinciding.  The  third  weak  component  causes  the  asymmetry  of  * 
line  D3,  as  is  apparent  in  Fig.  1.  The  core  of  the  line,  if  it  is 
determined  only  for  the  blue  wing  in  the  upper  portion  of  the  profile, 
is  gaussian.  Thus  the  halfwidtii  of  the  gaussian  core  of  D3  was 
actually  determined  for  one  half  of  the  profile,  while  the  aquivalent 
width  S  was  determined  for  all  of  the  triplets  as  a  whole.  Also,  we 
must  take  into  consideration  the  effect  of  asymmetry  on  X4471,  which 
is  a  triplet  similar  to  line  D3.  since  the  distance  of  the  third  component 
of  this  line  from  the  first  two  is  0.  21  A.  From  examination  of  the 
system  of  levels  of  orthohelium,  it  was  determined  that  in  X  3889  the 
3rd  component  is  situated  to  the  red  side  of  the  line,  at  a  distance  of 
0.  04  A.  Obviously,  the  influence  of  this  component  can  be  ignored. 

In  the  determination  of  the  halfwidths  of  H^and  we  used  those 
portions  of  the  profile  which  did  not  overlap  each  other. 

The  results  of  measurements  of  halfwidths  approximating  gaussian 
profiles4  X^(in  A)  are  given  in  Table  3  (  column  5).  This  table  also 
gives  measured  wave  lengths  of  prominence  lines  X  (colunan  4),  equi¬ 
valent  widths  of  profiles  S  (in  A  of  continuous  spectrum  at  the  center 


of  the  Bolar  disk),  aad  niaxlmum  intenaities  of  profiles  in  unit*  of 
the  continuous  spectrum  at  the  canter  of  the  solar  disk  (columns  6  and 
7).  In  column  8  is  given  the  number  n  of  measurements  of  a  given 
profile  on  various  spectrograms  . 


No  II 

Line 

Knot 

X. 

A  Vp ,  A 

S  •  103 

Im  ■  10^ 

n 

1 

2 

3 

4 

5 

6 

7 

8 

23  Marcl 

1955 

1 

Ha 

1 

0.  455 

14.7 

25.5 

1 

2 

1 

0.  57 

194 

285 

1 

.  3 

2 

- 

0.465 

14  0 

21 

1 

4 

2' 

- 

0.90 

28.7 

30 

1 

5 

3 

0.  85 

38.7 

34 

1 

6 

3' 

_ 

0.74 

70 

65 

1 

7 

4 

- 

0.49 

89 

130 

1 

8 

Hp 

1 

- 

0.  40 

1.55 

3.3 

1 

9 

1' 

- 

0.  39 

2.37 

6.5 

1 

10 

2 

> 

0.44 

2,5 

4.7 

1 

11 

2' 

- 

0.475 

2.85 

5.  2 

1 

12 

3 

0.415 

7  85 

6.0 

1 

13 

3' 

- 

0.  54 

11.3 

18 

1 

14 

4 

0.35 

14.3 

41 

1 

15 

Hr 

0.29 

0.62 

2.3 

1 

16 

i 

- 

0.31 

0.80 

2.4 

1 

17 

i  ^ 

0.  35 

0.97 

2.3 

1 

la 

i  2' 

- 

0  575 

7.0 

8.4 

1 

19 

3 

- 

0.325 

0.89 

2,2 

1 

20 

3' 

- 

0  67 

28 

37 

1 

l\  ' 

i 

- 

0.  30 

7.  3 

18 

1 

22 

HS 

1 

0.34 

(0  .4) 

(l.O) 

1 

2.3 

i  1' 

0.  23: 

0. 19 

1.0 

1 

24 

;  2 

- 

0.  37 

0.71 

1.85 

1 

25 

'  2' 

0.  80 

4.  1 

7.0 

1 

26 

I  3 

- 

0.  34 

0.44 

1.2 

1 

27 

!  3' 

0  79 

9.3 

31 

1 

2R 

'  4 

0  32 

2.6 

7.2 

1 

29 

D3 

1 

_ 

0  32 

0.  60 

1.6 

1 

30 

!' 

- 

0.32 

1.2 

3.0 

1 

31 

2 

- 

0.42 

0.73 

1.6 

1 

32 

V 

- 

0.39 

0.70 

1.6 

1 

33 

3 

- 

0.345 

0.60 

15 

1 

34 

3’ 

- 

0.46 

2.0 

3.9 

1 

35 

4 

- 

0.  28 

2.  2 

7.5 

1 

15 
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No  WU 

Line 

Knot 

V 

A  Xp  A 

S  •  io3 

Im  10^ 

n 

1 

2 

3 

4 

5 

6 

7 

8 

13  Ma 

rch  1955 

36 

Ha 

1 

6562.881 

0.  702 

29.5 

26 

1 

37 

2 

.858 

0.  665 

44 

39.5 

1 

38 

Hp 

1 

4861.340 

0.45 

3.9 

6.6 

1 

39 

2 

.334 

0.455 

5.2 

7,9 

1 

40 

1 

4340.436 

0.  38 

1.3 

2.  6 

1 

41 

2 

.463 

0.  345 

2.  1 

3.8 

1 

42 

H6 

2 

4101.730 

0.  345 

0.  64 

1.4 

1 

43 

1 

3970. 099 

0.48: 

0.62 

1.0 

1 

44 

2 

.097 

0.  345 

1.45 

3.3 

2 

45 

1 

3889.045 

- 

0.  35 

0.  5 

1 

46 

2 

.075 

0.33 

0.  28 

0.7 

1 

47 

©3 

1 

5875. 734 

0.  535 

2.0 

2.5 

1 

48 

2 

.665 

0.42 

5.8 

9.0 

1 

49 

He< 

1 

3888.616 

0.278 

0.45 

1.45 

1 

50 

2 

.636 

0.  251 

0.75 

2.05 

1 

51 

H 

1 

3968.504 

0.36 

6.6 

15.5 

1 

52 

2 

.489 

0.  315 

12.  1 

21, 5 

2 

53 

K 

1 

3933.715 

0.  39: 

8.8 

17.0 

1 

54 

2 

.663 

0.34 

13.2 

22.  6 

2 

55 

Ha 

3a 

6562.895 

2.3 

0.98 

0.83 

1 

56 

H 

3a 

3968.531 

0.97 

0.  66 

1.3 

1 

57 

K 

3a 

3933.721 

1.0 

0.82 

1.5 

1 

58 

Ha 

ys 

6563,735 

1.7 

1,  27 

1.35 

1 

59 

H 

3d 

3968.928 

0.75 

0.98 

2.3 

1 

60 

K 

3d 

3934,  131 

0.83 

1.43 

3.0 

1 

13  Jul 

r  1955 

61 

Ha 

1 

6562. 89 

0.76 

1.75 

140 

2 

62 

2 

.89 

0.61 

140 

140 

2 

63 

3 

.86 

0.58 

128 

137 

2 

64 

Hp 

1 

4861.42: 

0.49 

22 

37 

2 

65 

2 

.347 

0.42 

19 

37 

2 

66 

3 

.339 

0.37 

17 

32 

2 

67 

«r 

1 

4340.516 

0.34 

7.8 

20 

1 

68 

2 

.486 

0.29 

6.7 

19.5 

1 

69 

3 

.480 

0.315 

4.9 

13.5 

1 

70 

1 

4101.787 

0.32 

5.  1 

12 

1 

71 

2 

.756 

0.  285 

4.  1 

13 

1 

72 

3 

.761 

0.  295 

3.6 

.  11 

1 

16 
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TABLE  3  {Coatdi 


No  n/ii 

ng 

■ 

S  •  103 

Im  ■  1»* 

PH 

1 

B9 

5 

6 

7 

mrm 

i 

1 

22  .T. 

(ly  1955 

106 

Ha 

'  1 

6562. 853 

0.  525 

81 

140 

2 

107 

Hp 

!  1 

4861.33: 

0.  47 

5.2 

10 

2 

108 

Hy 

!  1 

4340. 475 

,0.  435 

0.93 

2.0 

1 

109 

)  1 

i 

4101.814; 

0.40 

0.  .36 

0.8 

1 

110 

h| 

i  1 

3970. 14D 

0.  36 

^  0  23 

0.7 

2 

111 

D3 

!  i 

5875.700 

0.  28 

4.  1 

10 

2 

112 

H 

i  I 

3968. 505 

0.  145 

5.9 

26 

2 

113 

:  2 

.82 

0.  28 

2.3 

7.6 

1 

114 

!  3 

.05 

0.  30 

0.32 

0.76 

1 

115 

K 

1  1 

3933. 695 

0.  14 

7.2 

28.5 

2 

116 

!  2 

3934.025 

0.  29 

2.35 

T.G 

1 

117 

1  3 

3933,255 

0.30 

0.39 

0.95 

1 

We  turn  nov'  to  the  fir  wings  of  tb.e  profiles.  We  must  point  out  ones  again 
that  the  determination  oi  the  wings  is  highly  uncertain,  since  their  intensities 
lie,  for  the  moat  part,  within  (he  limits  of  errors  of  measurement.  Hence  tlui 
average  points,  represented  in  the  drawings  of  Fig.  3  by  dots  enclosed  in 
circles,  give  only  a  general  idea  of  tlie  behavior  of  the  wings.  Because  of  this 
we  obaerve  apparent  differences  between  the  blue  and  red  wings,  some  asymme> 
try  of  profiles  in  the  wings,  and  other  phoenomena  that,  apparently,  do  not 
have  uiy  real  significance.  Taking  into  consideration  these  observations,  one 
should  recognic.e,  nevertheless,  that  in  profiles  of  spectral  lines  of  proiai> 
nencQS  the  intensity  of  the  far  wings  is  greater  than  it  would  be  if  the  profiles 
had  the  form  of  a  gaussian  curve  from  the  peak  to  the  ends'of  the  wings.  Ob* 
viously,  the  profiles  of  lines  at  a  prominence  are  mpre  complex.  Purfiier~ 
more,  comparisons  between  profiles  of  various  lines  show  thnt  the  deviation 
of  the  wings  from  a  gaussisn  curve,  measured  in  the  upper  portion  of  the 
profile,  is  less  for  hydrogen  lines,  greater  forliaes  H  and  K  Cs'*’  and  nu>st 
strongly  pronounced  of  ell  in  helium  lines.  In  this  respect  the  comparieon 
of  Hv  and  He^  in  Fig.  3  gives  s  clear  example.  For  the  3  investigated  lines 
of  TL  \3685,^  X3759  and  X3761.  it  is  possible  that,  because  of  insufficient 
accuracy,  we  do  not  »  i’efioitely  pronounced  wings  diverging  from  a 
gaussian  curve  determiaed  by  the  core  of  the  line. 

For  the  purpose  of  tlie  following  disojssion,  Z  methods  of  descrUiing  the 
wings  were  used..  Examination  of  drawings  Ig  I)  pertaining  to  lines 


18 


Ha  and  Ca^  afford*  a  baaU  for  aastunlag  tiiat  poiata  la  tta  arlaga  of  tlia 
profitaa  also  Ua  along  aoma  atralgkt  line,  i.  a. .  tliat  tbay  also  eaa  ba 
apprmdniatad  by  soma  gaussiaa  curve,  but  witib  baUsddtiM  graater  Cbaa 
tba  halfwidth  of  the  central  portion  of  dia  line,  ta  this  cans  the  pv^Hta 
is  raprasaatsd  in  the  form  ^  a  superpositioa  of  two  gaussiaa  curves;  • 
narrow  and  bright  for  the  core,  and  broad  but  weak  for  the  wings.  The 
presence,  in  observed  profiles,  of  Doppler  wings  with  great  hatfwidtihs 
may  have  been  confirmed  by  V.  A.  Krat's  hypothesis  of  co> 
existence  of  hot  and  cold  gases  In  the  chromosphere. 

On  the  other  hand,  an  attempt  a  as  mad*  to  represent  the  wiags  of 
the  profile  by  a  formula  in  the  forn..  whereA^  is  the  distance 

from  the  center  of  the  profile.  The  most  reliable  measurements  of  wiags 
were  dons  for  the  prominence  of  July  13,  1955.  However,  greater  errors 
were  found  in  these  measurements.  The  results  of  the  determlaatioa  of 
values  a,  and  also  the  reduced  haUwidths  of  second  gaussiaa  curves 
for  each  wave  length,  averaged  for  all  measurements  of  the  prominence, 
are  presented  in  Table  4. 


TABLE  4 


Ha 

Hp 

H^ 

«€ 

Hi 

H, 

D3 

Hel 

H 

X 

(A  VB)2  ,rf«i 

X 

15.3 

13.  1 

9.5 

8.5 

11.3 

8.9 

14.3 

15.6 

10.9 

IS.  3 

17.3 

a 

8.4 

8.0 

8.1 

5.6 

4.9 

8. 15 

6. 15 

6.9 

7.6 

5.1 

4.9 

|lg  Owfing 

2.0 

a  .3 

0.8 

0.9 

11. 0 

1.2 

0.85 

1.2 

0.7 

0.8! 

1.1 

(d  X)  wing 

0.72 

0.48 

0.  32 

0.28 

0.  26 

0.24 

0.  235 

•  Also  in  Table  4  are  shown  values  (Ig  I)wing  (AX}triag  ushers  the 
deviation  of  the  wing  from  a  gaussiaa  curve  for  the  core  b^jflas.  la  Fig.  3, 
as  an  example,  in  Hp  the  wing  begins  approximatety  witii  the  point  on  the 
profile  defined  by  coordinates  ( Ig  1)  wing  *  I*  d  and  Xisring  *  0  •  22. 

5.  ACCURACY  OF  THE  MEASUREMENTS 

*  Before  turning  to  a  discussion  of  the  msterial  it  Is  necessary  to  coasidor 
the  question  of  the  accuracy  of  the  determination  of  various  parameters  of 

t  the  profile. 

hi  the  metitod  used  for  photography  of  the  spectra,  flie  absolute  values 
S  and  Init  sad  tibsir  relati<mship  to  intensity  at  iha  eaitfor  ef  1h»  solar 
do  not  permit  us  to  obtain  accuracy  above  20%,  as  is  shown  In  comparing 
results  of  various  msasuremeats.  Rslativs  changes  in  values  S  end 
o  comparing  various  portions  of  one  prominence,  are  more  rMiable. 
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At  ha*  alraady  bean  aotad*  la  th*  majority  of  eaaea  wav*  l«^;lh*  of 
variou*  line*  are  meaeured  with  an  accuracy  of  *  0. 01  A. 

The  determination  of  parameter*  a  and  ^  pt^oflle 

1*  highly  unreliable,  a*  i*  ehowa  by  comparieon  of  result*  of  various 
measurement*  of  profile*  of  one  line  pertaining  to  a  single  place  in  the 
prominence.  These  parameter*.  >  and  also  value*  (Ig  Dwiag 
indicating  the  place  on  the  profit*  at  which  the  far  wing*  tegia.  •  give  only 
a  genenl  idea  of  the  wing*  of  the  profile. 

The  basic  consideration  in  the  present  work  was  given  to  obtaining 
possibly  more  precise  value*  of  hallwidth*  of  profile*.  Naturally,  die 
determiaatioa  of  one  halfwidth  or  even  3  widths  (see{]Q )  an  the  drawing* 
where  smoothed  contours  «r*  drawn  in  is  insufficantly  accurate.  Bealdes, 
experience  show*  that  the  greater  uncertainty  in  th*  determination  of  AX 
thus  introduce*  inaccuracies  in  the  measurement  of  Im  of  A*  profile,  hi 
the  present  work,  all  measured  point*  of  the  profile  were  used,  for  which 
we  selected  gauasiaa  curve*  ttat  most  satisfactorily  represented  tikes* 
points.  It  is  of  interest  to  estimate  the  accuracy  of  th*  snalhod  used.  With 
this  goal  in  mind,  the  coefficients  of  linear  dependence  associated  with  the 
observed  values^  and  Ig  I  were  calculated  for  several  profile*  of  Hy  and 
by  the  method  ctf  least  squares.  In  the  calculatians  neither  tihe  points 
defining  the  far  wings  of  the  profiles  nor  th*  points  defining  the  peak*  of 
profiles  for  line  were  taken  into  consideration,  since  tiiey  were  dis* 
torted  by  self-absorptlon.  The  average  quadratic  error  of  the  calculated 
coefficients  of  linear  dependence,  which  were  proportional  todX^p,  wae 
a  2  -  5%  The  average  error  of  determination  of  4Xp  >  was,  naturally, 
two  times  less. 

For  greater  exactness,  cwnputatioas  with  calculatians  of  weight  of  the 
measurement  of  each  point  on  the  profile  were  performed.  Since  errors 
in  measurement  of  intensity  were  practically  constant  for  all  of  the 
profile,  the  weight  was  taken  as  equal  to  the  ratio  .  These  ealcula- 
Hone  gave  the  same  values  of  average  quadratic  error.  The  resvits  of  tiM 
graphical  determination  of  A  Xp  and  both  seriea  of  cntculatlcas  agree  wall 
with  each  other  within  the  limits  of  calculated  error.  Hence,  the  graphical 
method  of  determinatioa  of  A  X  p ,  which  has  advantagee  of  sinpUcity  and 
cleamess,  was  uaad.  For  th*  weaker  tine*  it  is  aatuml  to  expect  an  in* 
creaa*  of  error  in  detemination  of  A  Xp .  since  the  value  of  relativ*  error 
in  intensity  of  profile  increases.  Thus,  it  is  nsecssary  to  keep  in  mind 
that  tl/is  error  has  a  tewieacy  to  lead  to  an  under«*stim»ted  dsterminetien 
of  i  Xp  .  In  fact,  with  a  constant  error  in  A  I,  points  Ig  (I  •  systematicel* 
ly  deviate  more  sharply  from  a  straight  line  than  point*  Ig  (1 4;^!  4*  aiM* 
the  value  I  *41  differs  more  in  percentage  ratio  from  I  than  doea 


special  cirawlnga  were  constructed  which  shewed  that  for  errors  41. 

10%  there  is  possibly  e  5%  under>estlmatioD  of  ^e  values  det^mined 
accordiiig  to  the  drawing. 

The  determination  of  aero  intensity  of  the  profile  depends  considerably 
on  the  accuracy  of  determination  ol  A\-p  .  Hence,  for  measurements  of 
profiles  car  e  was  taken  in  determining  the  aero  intensity  of  the  profile 
that  no  less  than  10  ~  20  points  on  the  spectre  of  the  helo  were  obtained 
on  each  side  of  the  m  easured  line.  Special  attention  was  given,  also,  to 
the  elimination  of  the  irJIuence  of  acattered  light  inside  the  spectrograph. 
On  some  platee,  in  the  yellow-red  portion  of  the  spectrum  this  scattered 
light  gave  spurious  images,  the  intensity  of  which  attained  20%  of  the  value 
of  the  intensity  of  the  spectrum  in  die  halo. 


6.  DISCUSSION  OF  THE  RESULTS  OBTAINED 

We  will  draw  briefly  some  basic  conclueions,  following  from  the 
examintition  of  the  results  of  profile  measurements.  First  we  consider 
the  faalfwidths  of  lines  In  Table  5  are  given  values  of  reduced  halfwidthe, 

^  e  ,  values  .  which,  for  convenience,  are  multiplied  by  a  factor  of 

10^.  One  should  keep  in  mind  that  the  measurements  for  the  prominence 
of  March  23,  1953  are  less  precise  than  those  for  other  prominences. 

V^^iurn  now  to  the  data  for  hydrogen  lines.  As  follows  from  formula 
(2^.  must  be  the  same  for  ail  lines  of  one  chemical  elemeat.  Mean> 

while,  from  Table  5,  it  follows,  first  of  alt,  that  although  nearly 

constant  for  the  higher  members  of  the  Balmer  series,  they  are  often 
appreciably  greater  for  lines  Ha  and  Hp,  although  the  influeace  of  the  ettoct 
of  self-abscrption  on  is  eliminated  by  the  method  uead  for  obtaining 

these  values.  In  the  consideration  of  die  question  of  self-absorptioa,  die 
conelua  on  was  drawn  auove  that  the  broadening  of  these  lines  was  caused, 
apparently,  not  by  Doppler  effect  alone.  Comparison  of  for  and 

Hp  with  the  reduced  halfwidths  of  other  hydrogen  lines  confirms  this  etm- 
clusion. 

la  article  flj  the  conclusion  was  drawn  that  increases  with  the 
number  of  the  tine  in  the  Balmer  aeries,  and  that  us  gradient  of  this 
increase  I  I——  V  1.3-  10'^.  on  the  average,  for  all  of  the  observed 
material,  if  we  exclude  and  H|}  from  consideration*  the  greater  values 
of  which  represents  a  special  question,  then  the  increase  of  4^  with  ^e 
number  of  the  line  ,  apparently,  ie  confirmed  for  the  rest  of  lines  la  T^le 
5,  However,  the  vabe  -S' .4.^,. ,  calc-ulated  according  to  the  most  reliable 

data  for  the  prominences  m’M ay  13  and  July  13,  is  only  0.  2  •  10*^,  aad 
is  close  to  the  value  for  the  tiMan  •quaf#  error  (for  the  prominence  of 
July  13  (3)  even  a  negative  value  waa  obtained^ 
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7.4 


m. 


HvHmvt,  oa«  should  rsmsmbor  tlMt4xt>»  becauso  of  srsors  of  detar « 
minatlon  of  inteneitlee  of  poiats  on  the  prcrfile*  mMf  be  eomewhat  uader- 
eetimated.  Hence,  since  tta  relative  error  of  inereasea  for  hl|^ 
membere  of  the  Balmer  series  sshich  have  loererWeasities,  then  to  the 
same  extent  the  danger  increases  of  under^estlinating  4  Xp  ,  and  conse¬ 
quently  .  |‘9¥  the  developing  coronal  prominence  of  July  22  (t) 

the  calculation  of  — eras  speculative,  since  various  tines  were 
photographed  at  various  stages  of  development  of  the  piramiaeace;  and 
from  the  data  of  Table  5  it  follows,  apparently,  that  increased  during 
the  development,  of  the  promiaeace,  amd,  having  reached  a  maximum,  then 
decreased.  This  conclusion  finds  further  confirmation  in  the  fact  that, 
for  D3,  4i-  proves  to  be  as  much  as  2  times  smaller  than  for  tinea 
Hp.  Hjf  and  H6  (photographed  later  than  line  Dg),  which  is  absurd  from 
the  standpoint  of  the  use  of  formula  (2)  with  helium  and  hydrogen  lines 
observed  simultaneously,  and  shows  titat  Hp,  Hy  andH  fi  are  additioMly 
broadened.  This  conclusion  concerning  the  change  in^~— in  the  process 
of  development  of  a  promiaeace  is  interesting  in  itself.  For  the  promiaeace 
of  March  23  an  insuitficient  number  of  liaea  was  observed  and  the  accuracy 
of  the  meaeuremeats  was  lees,  since  all  ths  precautionary  measures  des¬ 
cribed  in  not  strictly  observed.  Nevertheless,  a  compij^ison  of 

lines  H?  and  Hg  shows  that  the  latter  line  is  eystittnatically  brohder  ^an 
the  first.  Thus,  the  investigated  matSrial  apparently  confirms  l^iie  fact 
of  the  increase  in  with  the  number  of  the  line. 

We  now  consider  the  results  of  measurensat  of  halfwidAs  of  helium 
lines.  The  comparison  of  for  Dj  ind  Hej^  shosHi  that  ^  reduced  half¬ 
widths  for  the  first  line  are  systematically  greater  than  for  tiie  seeond. 
The  fact  was  noted  for  the  first  time  la  the  dissextatioo  of  M.  V.  Bratiichuk 
[iij.  Although  the  data  for  He  X4471  are  less  relisble,  they  shew  tiut  this 
line  occupies  an  intewnediste  position  betwesn  D3  sad  Hev  .  Thus  O3  and 
X4471  have  some  kind  of  additional  source  of  breadefnlng  in  comparison  to 
Hev  •  Apparently,  this  is  partially  connected  with  the  fact  tiiat  the  cores 
of  mtes  D3  and  \  4471  are  close  doublets.  CalculatioakS  shew  that,  by 
superposition  of  two  gaussian  profiles  that  are  slightly  displaced  from  endi 
other,  the  balfwidth  of  the  whole  profile,  -  determined  graphically  by  means 
of  die  function  (4x2,  ig  j),  .  Increases  by  a  value  somewhat  smaller  than 
the  distance  between  the  displaced  profiles.  Thus  tiie  doublet  character 
of  the  core  results  in  an  increase  of  the  widtit  of  &e  line;  however,  titis 
increase  is  sometimes  less  by  a  facte  r  of  two  titan  tttat  observed. 


We  now  examine  the  comparisons  of  halfwidtbs  of  lines  of  various 
elements.  If  formula  (2)  is  true  fr  '*  prominm<MS,  then  there  must  be  a 
linear  relationship  between,  valaes  utd  ■  In  Fig.  4  we  compare 

data  for  lines  of  hydxogen,  helium  4nd  t;%tamum  for  promiaencs  of 
I3k  1955.  The  value  of  for  bydrogen  was  obtsined  avsramlag  jAuJL 
for  tits  higher  members  of  the  Batmar  series,  begiaaiag  with  H  .  This 
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ralu#  is  giviui  la  Table  5,  ealtuwr.'d  .  For  helium  ,  detemtkwd  for  He 
X.3889(  eree  used.  For  all  three  parts  of  foe  promiaeace  of  July  IS  foe  data 
for  hydrogen,  helium  and  titanium  lines  really  follow  a  straight  lias,  wifoia 
foe  limits  of  accuracy  of  the  measurements.  Thiu  fact  shows  that  foe  pro¬ 
files  of  weak  metallic  and  hydrogen  lines,  and  also  He  X.3889  have,  on  foe 
whole,  Coppler  broadening. 

The  inclination  of  the  iitraight  line  in  Fig.  4  gives  Tw4».  and  its  inter¬ 
section  vrith  the  ordinate  axis  gives  v£ .  The  values  Ticia  and  vt  for  each 
part  of  foe  prominence,  ailculated  by  foe  method  of  least  squares,  are 
given  in  Table  6. 

TABLE  6 


Prominence  13  May  19:>5 

Promiaeace  13  July  1955 

Knot 

Keol 

1 

_  _ _ _ _ 

2 

1 

2 

3 

Thin 

6950* 

7550* 

8150* 

6300* 

7500* 

|vt,  KM/eek 

11.7 

10.  2 

8.8 

7.8 

6.4 

In  foe  calculation  of  Thin  and  vt  for  foe  promineBce  of  May  13,  half¬ 
widths  of  foe  hydrogen  lines  ard  He  >.3899,  tmly,  were  tased. 

We  turn  now  to  foe  data  for  foe  wings  of  foe  profiles,  presented  in 
Table  4.  The  data  in  this  table  eh  ows  that  :  1)  the  deviatlott  of  foe  wings 
from  a  gaiissian  curve,  determined  for  foe  upper  portion  of  foe  profile, 
increases  roughly  with  hsteasity,  being  10%  of  maximum  intensity  Xmaxi 
2)  the  sharpest  (large  a)  decrease  of  intensity  of  foe  wiiqis  occurs  in 
hydrogen,  especially  for  foe  first  lines  of  the  Balmer  series,  and  foe 
smallest  decrease  occurs  in  foe  lines  of  Ca*^  ;  3)  foe  idea  of  wings  as 
gaussian  curves  leads  to  foe  eoaclusion  that  half-w'ldfos  spproarimating 
gaussiaa  curves  increase  as  foe  lines  are  brighter  (greatest  for  line 
Ca'*'),  and  foe  dspendencs,  according  to  formuln  (2),  m  foe  value  ef  the 
molecular  weight  p  does  aot  appear  to  be  typical  for  Doppler  profltee,  as 
it  is  in  foe  cores  of  lines.  Thus,  foe  idea  foat  foe  w^s  of  foe  prctfllee 
can  be  caused  by  hot  components  of  gases  in  a  promiasaces  fails.  On 
fos  ofoer  hand,  toe  great  a  value  of  a  prevents  us  feeia  eeaetutfom  foet 
we  are  dealiag  wifo  Stark  wings,  for  which  o  «  2. 5,  or  with  wh^s  ef 
rediaitian  dempiag,  for  which  a  2. 9.  Appersatty  la  profiles  e  tnatsiticael 
region  between  the  Doppler  core  and  the  fer  wings  is  mensured,  on  foe 
nature  ^  which  various  assumptioae  can  be  taade.  The  inreseace  of 
slowly  decreasing  wings  in  foe  profllea  of  tinea  Ca^  presents  e  epecint 
diHictttty. 
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la  0— a«otloa  wHk  tkis  Hm  iBliiwiag  Im(  to  ycHawit.  On  flictogwi^ 

«l  .;;a»>tora  of  H  aag  K  ntoitotJ  «llii  war-MvoMirM,  it  to  fraqpMatly  tffKtmUt 
toat,  baaiwto  4ftfk  of  oontoatoo  orttk  o  orotl-aorkoA  ooso  .  omdo  kiMl  of 
brood*  diftoso*  mod  oltoo  ooiorphovui  taaogo  sbowa  tturoogli.  la  oomo  easoo 
it  to  ovIdoBlftet  diio  opartoua  toaofo  ooaoiato  of  ooporata  (dotaebod)  kaota. 
havtof  oaillua  DoppUr  di^laeomoato.  la  alt  prebabitto|r,  ia  tbo  roaalta 
of  aaoaoavoaMata  of  artaga*  oftoro  «o  doal  widi  aaeb  amatl  oalooa  of  ia- 
toaaitjr,  too  opo  eaa  ao  loagor  dtottogalali  toam  oa  too  pli^,  aad  rojocta 
tbo  proooaoo  of  aaeh  aparioaa  toaagoa. 


TABLK  7 


•MOU  735  3970. 074  .Ht09. 0551  MSS.  S< 


romoapl^o 


19.  V 


19.  vn 


22.  vn  1 


*«*ISi75.d2 


19 

8,5 


tabu:  7(Coatl) 


Waoo 


9888.f5|99«8.  4gi  3933.  666  3761. 323|3759t.  29^3685. 19 


12 

-1,5 

14 

118 


9 

5.5 

16 

].16 

17 

9 

2 

9 


Oao  aaato  tako  tkia  circuautaaeo  into  aceooat  ia  avbaoquoat  atudp  if  too  far 

orii^B  Of  too  profiloB. 
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In  conclution  «•  coaaidnr  the  mention  of  wave  langthi  <w  spactrnl  line 
for  the  inveetigated  promiaaacea.  Spectral  lines  of  a  prominence  can  be 
displaced,  firstly,  due  to  their  motioo  relative  to  the  observer  <Doppler  shift), 
and  secondly,  due  to  die  influence  ei  the  physical  conditions  of  tiie  atomic 
matter  in  the  prominence.  It  is  of  interest  to  ascertain  whether  the  physical 
conditioias  in  prominences  iafloeace  the  positions  of  spectral  lines.  For  this 
purpose,  it  is  necessary  to  isolate  Doppler  shift.  This  can  be  done  on  die 
basis  tiuU  it  obeys  the  equation 


tt  — — -  ■  const 
c 


independently  of  wave  length  and  kind  of  atom  of  the  emitHng  spectral  line. 

In  Table  S  are  given  results  of  measurements  of  positions  of  lines  in  the 
spectra  of  the  promineace  relative  to  lines  of  the  spectra  of  the  sun.  which 
introduce  some  Doppler  shift  in  the  wave  lengtiia  of  die  prominence  due  to 
the  motion  of  the  sun  sridi  respect  to  the  observer.  W  e  determine  the  line 
shift  dX.  after  having  taken  the  difference  between  the  measured  wave  lengths 
of  prominence  lines  nnd  wnve  lengths  of  eorrasponding  lines  in  ths  table  of 
spectral  tines  which  we  assume  (within  tte  limita  of  accuracy  of  meaeuro- 
menta)  to  be  free  of  dieplacoment  caused  by  oidier  moti^  or  the  influence 
of  physical  conditions,  tn  Tsbts  7  arc  givan  valuas  of  *  10*  for  all  measured 
linss. 


Wave  lengdis  of  linos  are  givaa  accordlna  to  [l^  .  In  dm  last  eotumn 
of  Table  7  ars  given  ths  average  vnluaa  W  e  must  remember  that  the 
averaga  error  of  maasuremant  of  valnos  is  oqual  to  ±  2:10'*  in  Hhm 
majority  of  caeoe.  but  it  can  bo  greater  for  woa  k  linoa*  Aaalysia  of  the 
data  in  Table  7  shows  dud  die  majority  of  liaos  ia  prominsneas  have  dls- 
ptacamsnts  which,  within  die  Uadte  of  aecuracy  of  meaeurements,  should 
be  eooeiderad  as  Dei|nis».  In  the  table,  the  bold  type  deeigaates  valuas  that 
sharply  diifor  framJ^  and  indicates  aon-Doppler  shift  of  linos:  ist  us  con¬ 
sider  them.  First  of  all.  apropos  of  die  roeulte  of  measurements  of  wavs 
lengths  of  Uaea  of  the  prominenca  of  July  22  one  should  obsarva.  ouco  again, 
that  various  linos  of  the  prominence  were  photographed  at  different  stages  of 
its  development,  and.  hence,  cannot  be  compared  with  each  other.  From 
among  die  rest  of  the  dsta  provided  in  die  table  we  turn  our  attendon  to 
die  values  for  linai  H  «  and  Oi^,  e^ch.  in  some  of  the  cases  inveetigated, 
reveal  a  non-Doppler  ahift,  the  value  of  which  Is  several  times  larger  than 
errors  ia  measurement.  In  eoanoctloa  with  this  revealed  effect  of  the  be¬ 
havior  of  Uaea  a^  D*  ia  prmniaencoe,  we  note  that,  according  to 
hlitdioll's  material  (see  bottom  lino  ia  Table  7).  die  abnormal  behavior 
of  those  linos  alto  occurs  in  the  chromesphere.  The  cause  of  the  dlsplace- 
moat  of  O)  may  ba  molecular  Stark  affect;  the  diaplacement  of  is  more 
difficult  to  oiqilain.  It  should  be  empbaeiaod  dut  iaforencos  about  tbe  non- 
Doppler  displacement  at  and  D|  are  not  connected  widi  tbe  method  of 
obtaining  tho  valuoa  of  dieplacoment  6  K.  slaca  simple  dlllerential  measure- 


m«iKta  of  Uae  dispUcamenta  for  tha  three  Icnota  of  the  promineace  of  July 
13,  photographed  on  one  apactrogram,  reveal  ‘abaormal  bidiavlor  of  tfaaaa 
Uoea.  A  aimlUr  inference  waa  drawn,  concerning  line  Ha.  for  the  pro¬ 
minence  of  May  13  (3). 

In  the  prominence  of  May  13.  aide  by  aide  with  the  main  knota  (1)  and 
(9.  an  inteaao.  faintly  lumiiMacent  knot  waa  obaerved.  moving  with  great 
velocity.  Profllea  of  linae  Hq.  H  and  K  were  meaoured  for  tkia  knot.  They 
differed  aharply  in  form  from  a  gauasian  curvo.  In  order  to  carry  oot  an 
analyaia  of  theae  profitea.  we  drew  them  up  one  under  nnother.  taJdng  n 
value  aa  die  ebacieaa  axia  (Fig.  S).  The  profile  ia  aomewhet 

xpore  eon^plen  than  dia  profile#  of  H  and  K,  which  can  eaaily  be  aeparaked 
Into  2  gauaalaa  profile#,  displaced  from  each  other  (shown  by  dadied  Unaa 
in  Fig.  5).  For  the  conatmetioa  of  dM  left-hand  wing  of  the  right-hand 
eemponeait  n.  we  draw  n  mirror  imnga  of  the  right  wipg  (symmetrlcnlly. 
relative  to  die  peak),  and  wo  obtalnod  the  left-hand  coxnpooant  b  na  toe 
differeace  between  toe  common  profile  and  the  right -head  component. 
FoHowfaif  thn  esBen^ile  of  H  and  K.  the  profile  of  He  wae  also  separated 
into  two  parts.  Attoongh  too  proceduro  of  separation  of  one  complex  profile 
into  severnl  eempottonts  is  not  aimplo,  in  the  given  case  tha  oonatructod 
aepnmtion,  apparently,  cannot  cause  aorioua  objactlona.  The  data  for 
each  conatmetad  profila  ara  given  In  Table  2. 

Apropos  of  the  ooatoura  dbcained  for  the  two  components,  two  ohser- 
vntioaa  akould  be  made. 

1.  Wave  langtha  of  the  eompoawata  b  for  all  three  Itoea  ooadorm  to 
O^pter  ehlft,  bat  toe  displacement  of  component  a  in  line  Ha  la  considerab¬ 
ly  greator  toan  in  Unas  of  Ca't'.  Tbua,  boro  else  the  differential  maaaure- 
manta  display  abnormal  behavior  of  lino  Ha. 

2.  If  we  consider  toat  toe  profiles  of  the  compooentn  do  not  contain 
solf-absorpCion,  than,  on  the  basis  of  formula  (2).  we  ebtain  a  tempaimture 
Tell,  200*  and  turbulent  velocity  vt  >  M  km/aoc  for  knot  a  and  T  ■  24,  500* 
and  vt  ■  17. 5  km/eec.  for  knot  b. 

Tke  present  work  seta  forto  only  the  first  invastigatiens  of  promhianeas 
obtained  wldi  the  new  BST  inatrumeot.  The  inveatigatlona  conducted  show 
the  magnificent  qunlity  of  the  BST  apoctrograph,  maaufacturad  by  to#  Soviet 
industry. 


Tka  autoor  axpvessea  gratitude  to  T.  T.  Taap  for  meaauremanta  of  tbs 
spectrof  ramn.  and  also  to  A.  B.  Sovamy,  for  assistanco  randerad  in  carrying 
oot  tha  preaant  work. 
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CAPTIONfS 


Fig.  1.  Profilfia  of  emission  Unes  ir  the  prominence  of  July  13,  1955  (2). 
Along  tho  abacissa  axle  -  Angstroms,  &loi:.g  the  ordinate  aada  -  aeale  of 
Intensities  in  unite  of  ?iC'  ^  ot  intensity  of  the  continuou^i  spectra  at  the 
center  of  the  sotar  disk.  Averaged  curves  are  drawn  *u  the  wings  of  the 
profiles. 

Fig.  2.  Profile  of  Hyof  the  prorninence  of  July  13,  195  5  (3J  viiHi  displace" 
ment  of  axis^V  0.  005  A  from  the  center  nf  ’he  profile,  in  the  blue  (above) 
and  red  (below)  i>ortion8  of  the  spectrum 

X'e  pertain  to  the  blue  wn>g  of  the  profile,  and  dote  pei  tain  to  the  red. 

Along  the  abscissa  are  placrd  the  sqr.ares  of  the  distance  from  the  coater 
of  the  profile  in  Angstroms  -  along  the  ordinate  axis.  !ogarithm.8  of  in¬ 
tensity.  * 

Fig.  3,  Profiles  of  lines  of  July  13,  1955  prominence  . 

Designation  same  ao  in  F:'.g  Z  Circles  enclosing  points  pertain  to  averaged 
wings. 

Fig,  4.  Comparison  of  reduced  hatfwidth5  of  various  «  lements  for  various 
parts  of  the  promine uce  of  July  13,  1955, 

Black  circles.  -  part  t.  white  circles  -  part  2,  X'e  >  part  3. 

Fig,  5.  Profiles  of  lines  of  the  M*,'  13.  i955  pron^encc  (3). 

Along  the  abscissa  axis  are  placed  values  •  10’»  »loag  die  ordinate 
axis  -  scale  of  intensities  in  units  of  10 of  intensity  of  continuous  spectrum 
at  die  center  of  the  solar  disk.  Dashes  show  the  separation  of  profiles  into 
two  components. 
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